study question: What is the association between the number of oocytes retrieved and the live birth rate (LBR) following first IVF treatment cycles in China?
Introduction
The development of assisted reproductive technologies has dramatically improved the chances of conceiving healthy children for infertile individuals. Since the first live birth from IVF which occurred over three decades ago (Steptoe and Edwards, 1978) , many children have been born using this technique around the world. For his contribution, Dr Robert Edwards won the 2010 Nobel Prize in physiology or medicine.
Ovarian stimulation is an important part of assisted reproduction treatment. This regimen is used to stimulate multiple follicle development in a single cycle . The availability of a good number of mature oocytes suitable for IVF procedures improves the likelihood of generating good quality embryos and consequently achieving successful pregnancy and live birth (Fauser et al., 2005; Macklon et al., 2006) . This procedure, however, has the potential to cause discomfort, complications such as ovarian hyperstimulation syndrome (OHSS) (Nastri et al., 2010) and financial burden (Polinder et al., 2008) . Also, a significant proportion of retrieved oocytes are discarded because they fail to meet selection criteria at various stages of the laboratory phase of assisted conception treatment (Inge et al., 2005) .
Much effort has been made to optimize the ovarian stimulation strategy. Since the primary aim of IVF treatment is to achieve a live birth at term, a critical question remains unanswered, that is: how many oocytes per stimulation cycle is the most suitable to achieve a live birth with a low risk of complications? Many previous studies have focused on the relationship between oocyte number and clinical or ongoing pregnancy rates, and have shown conflicting results (Letterie et al., 2005; Hamoda et al., 2010) . Others have attempted to analyze the live birth rate (LBR) of fresh cycles alone (van der Gaast et al., 2006; McAvey et al., 2011; Sunkara et al., 2011) . Our study is to determine the association between the number of oocytes retrieved and the LBR both per one fresh stimulation cycle and cumulatively per fresh and frozen cycles.
Materials and Methods

Patients
A retrospective cohort study was performed. All patients aged 18-34 years with normal menstrual cycles and stimulated with a long protocol at the Reproductive Medicine Center of Anhui Provincial Hospital, P.R. China from April 2007 to December 2011 were identified and reviewed. In our study, the patients' own oocytes were used, and fresh or frozen-thawed embryos were transferred without preimplantation genetic screening for embryo aneuploidies. For the purpose of this study, cycles involving oocyte donation, oocyte sharing, oocyte cryopreservation and frozen oocyte thawing were excluded from the analysis. Patients who underwent natural cycle IVF/ICSI or who had not become pregnant but still had frozen embryos remaining were also excluded from our study. All patients were undergoing their first IVF cycle. Thus, the study included 2455 patients, with one complete treatment round of a fresh transfer cycle and subsequent frozen transfer cycles.
Patient characteristics, including age, body mass index (BMI), duration of infertility, type of infertility and cause of infertility, were evaluated. Other parameters, including gonadotrophin dose, days of ovarian stimulation, the number of oocytes retrieved, type of insemination, fertilization rate, number of embryos transferred in the fresh cycle and number of transferable embryos, were also recoded. Additionally, the moderate-severe OHSS rate was calculated in each oocyte group, and the criteria set by Golan et al. (1989) were used to assess the severity of OHSS. The primary outcome was live birth. A live birth is defined as any birth event in which at least one baby is born alive. The study was approved by the Institutional Review Board of Anhui Provincial Hospital.
IVF and fresh embryo transfer
The protocol for ovarian stimulation was the long GnRH-agonist protocol. Gonadotrophin stimulation was initiated with either recombinant FSH or urine highly purified FSH with or without hMG. The initial dose ranged from 112.5 to 300 IU per day. The starting dose was chosen based on age and antral follicle count as well as basal FSH levels. During stimulation, the ovarian response was monitored through serum estradiol (E 2 ), progesterone (P), LH assessments and serial transvaginal ultrasound examinations. Gonadotrophin doses were adjusted when needed. The objective follicles were defined as follicles between 14 and 26 mm, with 200 -300 pg/ml estradiol production. When the number of objective follicles reached 10 -12, 10 000 units of hCG was administered. Oocytes were retrieved 36 h later. The type of insemination includes IVF, ICSI, 50% IVF + 50% ICSI and early rescue ICSI. Except for early rescue ICSI, evidence for fertilization was assessed 18 h after insemination. Fertilization was initially checked 6 h after IVF insemination, and if the oocytes failed to fertilize, ICSI was done immediately for early rescue ICSI. Embryo transfer was performed under ultrasound guidance usually on Day 3 after insemination. In a small number of patients with indications for blastocyst transfer, embryo transfer was performed on Day 5. The indications for blastocyst transfer were the same as described by Olivennes et al. (1994) . Day 3 embryos and blastocysts were assigned quality grades as described by Volpes and Gardner, respectively (Gardner et al., 2000; Volpes et al., 2004) . Day 3 embryos that reached the 8-cell stage with ,20% fragmentation were classified as good quality embryos. Blastocyst quality was categorized as excellent (AA), good (AB, BA, BB), fair (BC, CB) or poor (CC) based on trophectoderm and inner cell mass quality scores. Only good quality embryos were transferred or cryopreservated.
The number of embryos transferred complied with national regulations of China and conformed to individual patient requests and possibilities. No more than three embryos were transferred. The luteal phase was supported using 90 mg daily of intravaginal progesterone gel (Crinone gel 8%, Serono) from the day of oocyte retrieval and this was continued for at least 5 weeks.
For a few patients, all of their embryos were cryopreserved for subsequent transfer because of the symptoms of early OHSS or the presence of a high risk of late OHSS (Fiedler and Ezcurra, 2012) .
Laboratory procedure for freezing and thawing of embryos Surplus Day 3 or blastocyst stage good quality embryos underwent vitrification. For Day 3 embryos, our laboratory procedure of vitrification and Optimum oocyte number in IVF treatment warming was the same as the method used for human oocytes as reported by Tong et al. previously (Tong et al., 2012) . For blastocysts, a glass micro-needle was used to collapse the blastocyst before vitrification. The following steps were the same as for the Day 3 embryos.
Frozen-thawed embryo transfer
Frozen-thawed cycles were performed through natural cycles, exogenous steroid replacement cycles or mild stimulation cycles. In all types of cycle, the luteal phase support was the same as for fresh embryo transfer.
Statistical analysis
Patients were categorized into four groups according to the number of oocytes retrieved: 0 -5, 6 -10, 10 -15 or ≥16 oocytes. The characteristics of the live birth and no live birth patients were compared. For continuous variables, Student's t-test was used for data with homogeneous variance and the Mann-Whitney test was used for heterogeneous variance data. The x 2 test was used for categorical variables. The variable with greater clinical importance and larger variance was selected for further assessment. When the treatment cycles were divided into four groups according to the number of oocytes retrieved, important aspects of the treatment outcome including fresh cycle LBR per started cycle, cumulative LBR, miscarriage rate and moderate -severe OHSS rate were analyzed. One-way ANOVA and x 2 test were used to ascertain the significant differences among these groups. Logistic regression analyses were conducted to identify independent correlates between each possible confounding factor, especially oocyte number and live birth outcome after adjusting for other confounders that were identified in our univariate analysis. The likelihood of live birth after IVF and certain study factors was presented as an odds ratio with 95% confidence interval (CI). All statistical tests used a two-tailed a of 0.05. Analyses were performed using SPSS 15.0.
Results
We analyzed long protocol IVF/ICSI cycles of 2455 women from our unit and 1333 of these women (54.3%) achieved a live birth. Women who achieved a live birth were significantly younger and required a lower amount of daily and total gonadotrophins. However, the duration of ovarian stimulation in live birth patients was significantly longer than in their no live birth counterparts. There were no significant differences in the duration of infertility, insemination method, type of infertility or diagnosis of infertility between women with live birth and women with no live birth cycle. The number of oocytes retrieved, the fertilization rate and the number of transferable embryos were significantly higher in live birth cycles. On the contrary, the average number of fresh embryos transferred in patients with a live birth was significantly fewer than in patients with no live birth (Table I) .
With patients divided according to number of oocytes retrieved, a summary of important aspects of the treatment outcome is presented in Table II . There was a negative association between age and oocyte yield. Furthermore, the fertilization rate decreased as more oocytes were retrieved. However, the number of transferable embryos increased with the number of oocytes retrieved. In 343 cycles (13.97%), fresh embryo transfer was not done for the following reasons: no oocytes retrieved (9 cycles (0.37%)], failed fertilization [26 cycles (1.06%)], no transferable embryo [17 cycles (0.69%)] and all embryos cryopreserved because of OHSS or other reasons [290 cycles (11.81%)]. The fresh embryo LBR per started cycle increased with the number of retrieved oocytes up to Groups 2 and 3 (6-10 and 11 -15 oocytes) and then decreased, because of the high number of cycles with all embryo cryopreserved in Group 4 (.15 oocytes), in order to avoid moderate-severe OHSS. However, the cumulative LBR per started cycle increased with oocyte number, as did the incidence of moderate-severe OHSS. There was no significant difference in the miscarriage rates among the patient groups. Figure 1A and B show the fresh cycle LBR and the cumulative LBR (and their 95% CI) for each oocyte number category. adjusted ORs of fresh embryo live birth decreased in the ≥16 oocyte category, being 1.918 (1.376-2.672). The duration of stimulation, total dose of gonadotrophins and fertilization rate had a significant effect on fresh cycle LBR. But for age, the effect was not significant. For the cumulative live births per started cycle, when adjusted for age, the duration of stimulation, total dose of gonadotrophins and fertilization rate, the adjusted ORs for cumulative live birth were 2.232 (1.708-2.918) in the 6-10 oocyte category, 3.323 (2.492 -4.432) in the 11 -15 oocyte category and 5. 805 (4.125-8.170 ) in ≥16 oocyte category. Thus, the odds of cumulative live birth appeared to significantly increase with the ovarian response. The duration of stimulation and fertilization rate also had a significant effect on the cumulative LBR.
Discussion
IVF is an important technique in infertility treatment. The quality and quantity of embryos are the two most important predictors of the fresh as well as cumulative outcome in IVF/ICSI (Cai et al., 2011) . In natural cycle IVF, pregnancy and LBR is hampered by high cancellation rates per stared cycle because of mono-ovulation and a luteinizing hormone surge which is difficult to supervise (Ingerslev et al., 2001) . Obtaining enough high-quality embryos in IVF depends on adequate follicle recruitment using controlled ovarian stimulation with gonadotrophins, especially co-treatment with GnRH agonist or antagonists. However, the nature of ovarian stimulation increases patient discomfort as well as the cost and the risk of many complications such as OHSS. So, achieving an appropriate ovarian response is central to ovulation induction. Many questions remain such as determining how many oocytes are appropriate. This large retrospective study was designed to examine the relationship between fresh cycle and cumulative LBRs and the number of retrieved oocytes. However, as a retrospective study, our analysis depends on previously recorded data, and certain variables could not be collected. Female age is a strong predictor of live birth after IVF. In our study, the patients achieving live birth were significantly younger than their counterparts with no live birth, consistent with previous reports. However, contrary to two previous research findings Chuang et al., 2010) , our results indicated that lower daily gonadotrophin administration and longer stimulation time are related to a better IVF outcome. These findings are consistent with the concept that to complete nuclear as well as cytoplasmic maturation, enough time is needed for oocytes to be exposed to gonadotrophin before ovulation is triggered in an ovarian stimulation cycle (Blondin et al., 1996; Krisher, 2004) . However, because of the retrospective nature of our study, ovarian stimulation in these 2455 IVF patients was performed by different clinicians, and subtle differences may exist in the choice of the starting dose, in decreasing or escalating doses and in the decision of when to trigger. Randomized controlled trials need to be done to confirm our conclusions.
Our data suggest that between 6 and 15 retrieved oocytes may be the optimal number in a fresh IVF cycle in order to maximize treatment success and minimize the cycle cancellation rate which is associated with the risk of OHSS. Moderate ovarian stimulation does not increase the incidence of chromosomal abnormalities (Labarta et al., 2012) but increases the number of embryos available and hence the LBR. However, it has been established that the risk of OHSS increases proportionally with the ovarian response. Since the severe forms of late onset OHSS are usually associated with pregnancy, cryopreservation of all embryos and cancellation of the fresh cycle is usually considered in highrisk patients in order to prevent the syndrome developing (Verwoerd et al., 2008) . Our results support the use of moderate ovarian stimulation over either mild or aggressive stimulation in IVF treatment.
In this study, the cumulative LBR increased with the ovarian response. A high ovarian response did not compromise LBR when cumulative results were analysed following fresh plus frozen -thawed embryo transfers. After correction for the effect of the other confounders such as age and fertilization rate in logistic regression analysis, we found a strong relationship between the number of oocytes and cumulative LBR in IVF cycles, which indicated the number of oocytes retrieved is an important independent predictor of cumulative LBR.
These results were generally consistent with some previous studies (van der Gaast et al., 2006; Hamoda et al., 2010; McAvey et al., 2011; Sunkara et al., 2011) in which the optimal oocyte number associated with the best fresh cycle outcome is in a fixed range. When oocyte numbers were below and above that range, outcomes are compromised. Furthermore, Hamoda et al. found that the proportion of women having surplus embryos for freezing increased with oocyte number but ceased beyond 18 oocytes. The plausibility of the lack of benefit with higher oocyte number was based on several explanations including that, first, the supra-physiological estradiol levels resulting from higher number of oocytes may have deleterious effects on embryo quality and endometrial receptivity (Valbuena et al., 2001; Peña et al., 2002; Mitwally et al., 2006; Joo et al., 2010) , and secondly, ovulation induction affects oocyte quality and early embryo development; therefore, ovarian stimulation should avoid maximizing oocyte yield and should minimize interference with ovarian physiology (Blondin et al., 1996; Baart et al., 2007) .
The reliability of the results from our study is aided by the fact that only patients treated with a GnRH agonist long protocol and who had normal menstrual cycles were included. All patients stimulated with other protocols or with ovulatory disorders were excluded from our study. Furthermore, cycles with no oocytes retrieved, fertilization failure or all embryos frozen were not excluded from our analysis. It is widely accepted that the ovarian response is an important predictor of IVF success (Alrayyes et al., 1997; Silber et al., 1997) . Yih et al. (2005) examined the association between the ovarian response and IVF outcome in women with normal and abnormal ovarian reserve and found that in an age-independent fashion, the ovarian response is highly predictive of IVF outcome. For most categories, age alone can predict a doubling of clinical pregnancy rate. In another previous retrospective study including 1894 women, the authors found that a strong ovarian response had no negative effects on oocyte quality. Oocytes from high responders contain a greater proportion of immature oocytes which results in a reduced fertilization rate; however, pregnancy outcome is not impaired (Kok et al., 2006) . These findings were confirmed by our results but only when cumulative fresh and frozen embryo transfer cycles were included. A recent study from Fatemi (2013) showed that a high ovarian response (18 oocytes or more) did not compromise the chance of ongoing pregnancy following fresh embryo transfer, and even increased the chance of cumulative ongoing pregnancy. In fact, Fábregues et al. (2004) found that even in cases of severe OHSS, implantation and pregnancy rates were not reduced. The mechanisms for this phenomenon may be that with the yielding of enough oocytes and hence embryos, the selection of embryos for transfer is improved and allows for transfer of the best embryos back to the patient. As a result, the outcome may be improved. Another report showed that although elevated E2 concentrations has a potentially deleterious impact on endometrial receptivity in high responders, there is improved embryo quality in these patients, therefore, no subsequent significant difference in ongoing pregnancy rates was observed (Kyrou et al., 2009) . We recognize there are some important limitations to our retrospective study. First, our study is limited by the selection of the patient population. The patients in our study were young (aged 18 -34 years) and thin (with an average BMI equal to 22). Further studies with enlarged samples, especially an older age group, should be done. Secondly, our findings may be influenced by the inability to control for certain markers of ovarian reserve such as basal serum FSH levels, antral follicle counts and serum anti-Mullerian hormone. Previous research has shown that age is the best predictor of oocyte quality, and basal FSH level is the best predictor of oocyte number (Toner, 2003; Abdalla and Thum, 2004) . We minimized the drawbacks of this retrospective study by adjusting for the factors that are widely considered to influence outcome of assisted reproductive technology in the multivariable analysis, most notably age. Furthermore, the use logistic regression analysis also allowed us to directly observe the independent effect of the oocyte number on live birth.
OHSS, especially early OHSS positively correlates with the number of oocytes retrieved and the serum estradiol level on the day of hCG administration (Vlahos and Gregoriou, 2006; Grossman et al., 2010; Nastri et al., 2010) . This was also confirmed in our study. OHSS can be erased through down-regulating pituitary using a GnRH antagonist, triggering ovulation with a GnRH agonist and freezing all of the oocytes or embryos (Tarlatzis and Kolibianakis, 2007; Melo et al., 2009; Devroey et al., 2011) . Vitrification of embryos in patients at risk of OHSS was applied in our center. However, the protocol for ovarian stimulation in our study was the GnRH agonist long protocol and triggering ovulation with a GnRH agonist could not be applied. Despite the widely accepted theory of the importance of the FSH threshold and FSH time window (Brown, 1978; Fauser, 1994; Hillier, 1994) , the individual FSH threshold of women undergoing ovarian stimulation varies widely. Predicting this threshold and using tailored stimulation regimens for ovarian stimulation is desirable to clinicians. However, the lack of specific prediction markers means standard stimulation protocols usually have to be used. Thus, higher-than-anticipated responses to ovarian stimulation in IVF will still be encountered, especially in the first treatment cycle, and unfortunately sometimes OHSS develops. In order to minimize this outcome, the trend for the future is moderate ovarian stimulation in IVF with an emphasis on obtaining a moderate number of oocytes, fewer than that which was previously deemed optimal.
In conclusion, the results of this study show a strong relationship between the number of oocytes and the cumulative LBR following IVF treatment. For young women, a high ovarian response did not compromise IVF outcome in the long term. However in the initial fresh IVF cycle, a high ovarian response was associated with a high rate of cycle cancellation due to the risk of OHSS. The optimal number of oocytes for achieving the best chance of live birth in the first IVF cycle, and even higher chances of live birth in cumulative cycles, is somewhere between 6 and 15 oocytes. We anticipate that this study will contribute to the development of more efficacious ovarian stimulation therapies for IVF.
